Background: Although chronic bronchitis is associated with impaired quality of life, hospitalisations and increased mortality, it has been less in focus after the introduction of the term chronic obstructive pulmonary disease (COPD). There are no recent published data on the prevalence of chronic bronchitis from the Scandinavian countries. Aim: The main aim of the present study was to estimate the prevalence of chronic bronchitis in West Sweden by using data from a large-scale epidemiological study of the general population. A further aim was to identify current risk factors for chronic bronchitis in a population with a major decrease in the proportion of smokers. Methods: From the 18,087 questionnaire responders out of 30,000 invited to participate at the West Sweden Asthma Study, 2,000 subjects were randomly selected and invited to detailed clinical examinations performed during 2009Á2013. A total of 1,172 subjects aged 17Á79 participated in the examinations which included, among others, spirometry and structured interviews. Chronic bronchitis was defined according to reported symptoms. Results: The overall prevalence of chronic bronchitis was 7.2% (men 7.6%; women 6.8% ns), and it was 8.7% in subjects older than age 60. Chronic bronchitis was strongly associated with smoking, defined both as current smoking status and pack-years. Other risk factors were increasing age, low socio-economic class and urban living. Of those with chronic bronchitis, 22% fulfilled the GOLD criteria of COPD. Conclusion: The prevalence of chronic bronchitis was somewhat lower than found by studies in Sweden in the 1980s and the prevalence was now similar in men and women. Although smoking was still the dominating risk factor for chronic bronchitis, the relative importance of smoking had decreased parallel with a decreasing smoking prevalence, while the relative importance of other factors than smoking had increased compared to previous studies.
with anxiety and depression (10) , poor quality of life (11) , accelerated decline in lung function (12Á14) and increased mortality (12, 14Á16) . Large-scale epidemiological studies have shown chronic bronchitis without COPD to be even more associated with premature death than mild COPD (16) . The major risk factor for COPD in the Western world is smoking (17Á20), and other important risk factors are air pollution (21, 22) and occupational airborne exposures (15, 19, 23) .
The global prevalence of chronic bronchitis has been estimated at 6.4% (24) , and the prevalence of chronic bronchitis varies considerably by age, sex and geographical area from 2.3 to 28.2% (17Á19, 25Á28). According to the Obstructive Lung Disease in Northern Sweden (OLIN) studies, in Sweden, the prevalence during the 1980s was 10.4% in men and 7.4% in women (17) . Recently, in the Respiratory Health in Northern Europe (RHINE) studies, which involves the North European part of the European Community Respiratory Health Survey II (ECRHS II), the estimated prevalence of chronic bronchitis was 5.4% in young to middle-aged adults (19) .
Considering that tobacco smoking is a significant risk factor for the development of chronic bronchitis and that tobacco smoking has decreased in recent years in several parts of, for instance, Europe (27, 28) and Sweden (29, 30) , and that there are, in contrast to COPD, few recently published data on the prevalence of chronic bronchitis, an update on the prevalence is warranted. The main aim of the present study was to estimate the prevalence of chronic bronchitis in West Sweden by using data from a large-scale epidemiological study of the general population. A further aim was to identify risk factors for chronic bronchitis in a population with a major decrease in the proportion of smokers.
Material and methods

Study sample
The study sample was derived from the population-based West Sweden Asthma Study (WSAS), which has been thoroughly described elsewhere (30) . A good representativeness of the WSAS was concluded by a non-response analysis (31) . Briefly, in 2008, 30,000 postal questionnaires were mailed to subjects aged 16Á75 living in the region of West Gothia, south-west of Sweden. They were randomly selected from the Swedish population register. The response rate was 62%, and of the responders, 2,000 subjects were randomly selected to participate in clinical examinations from 2009 to 2013 including spirometry and structured interviews, and 1,172 attended (32) . The current study is based on these 1,172 subjects (542 men, 46.2%) with a mean age of 49.9 years (SD 15.4). Additional background characteristics are presented in Table 1 .
The regional research ethics board at the University of Gothenburg approved the study.
Data collection
Data were collected through a structured interview based on the Swedish OLIN questionnaire (33) , which has been used in a large number of studies in Northern Europe and elsewhere (34Á37) and has recently been validated (38) . It includes questions about respiratory symptoms, diseases and medication for obstructive airway diseases, and further about background demographic characteristics including detailed questions about smoking habits and occupation. Lung function measurements were performed using a Jaeger spirometer and the Global Lungs Initiative (GLI) reference equation for spirometry was used (39) .
Definitions
Chronic bronchitis was defined as having sputum production when coughing on most days for at least 3 months during two subsequent years (1) . Participants in the current study were classified as having chronic bronchitis, if they answered yes to the following question: 'Do you bring up phlegm when coughing on most days during periods of at least 3 months per year?' and answered more than 2 years on the following question: 'If yes, for how many years?'
Participants were classified as having the respiratory symptom or lung disease, if they answered yes to the following questions:
Longstanding cough: 'Have you had a longstanding cough during the last year?' Sputum production: 'Do you usually have phlegm when coughing, or do you have phlegm which is difficult to bring up?' Any wheeze: 'Have you had whistling or wheezing in the chest at any occasion during the last 12 months?' Recurrent wheeze: 'Do you usually have whistling or wheezing when breathing?' Wheeze most days periodically: 'Do you have this whistling in your chest or wheezing most days a week, periodically?' Persistent wheeze: 'Do you have this whistling in your chest or wheezing most days a week?' Wheeze apart from cold: 'Have you had this wheezing or whistling in your chest when you have not had a cold?' Wheeze with breathlessness: 'Have you been at all breathless when you had wheezing or whistling in the chest?' Asthmatic wheeze: a combination of 'any wheeze', 'wheeze with breathlessness' and 'wheeze apart from cold' Physician diagnosed chronic bronchitis: 'Have you been diagnosed as having chronic bronchitis by a physician?' Physician diagnosed COPD: 'Have you been diagnosed as having chronic obstructive pulmonary disease by a physician?' Physician diagnosed emphysema: 'Have you been diagnosed as having emphysema by a physician?' Currents smokers consisted of participants answering yes to the following question: 'Do you smoke?' Ever smokers consisted of subjects who were either current smokers or ex-smokers.
High level of education was defined as university education and low level of education was defined as high school, secondary school or less.
Exposure to occupational dust, gas or fumes was defined as answering yes to the following question: 'Have you been heavily exposed to dust, gases or fumes at your work?'.
Dyspnoea grade was assessed using the Medical Research Council breathlessness scale (MRC scale) (40) .
COPD was defined according to the criteria set by the Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD) based on post-bronchodilator FEV 1 /FVC B0.70, and the disease severity was based on the GOLD spirometry criteria of FEV 1 , in percent of predicted (7) .
Analyses
All statistical analyses were performed using SPSS version 21. Fisher's exact test was used for comparisons of proportions, MantelÁHaenszel test was used to test trends and independent sample t-test was used for comparisons of mean values. A p-value of B0.05 was regarded as statistically significant. Bivariate and multivariate logistic regression models were used to identify factors associated with chronic bronchitis. Risks were expressed as odds ratios (OR) with 95% confidence interval (CI). A combined variable method was used to explore interactions of risk factors for chronic bronchitis. 
Results
Prevalence of chronic bronchitis, respiratory symptoms and physician-diagnosed lung disease The overall prevalence of chronic bronchitis was estimated at 7.2%, being somewhat higher in men (7.6%) than in women (6.8%), but the difference was not statistically significant. The prevalence increased significantly by age, being most common among subjects older than 60 years.
No differences between men and women were found with regard to reported respiratory symptoms ( Table 2) . The prevalence of self-reported, physician-diagnosed chronic bronchitis was 3.5%, of physician-diagnosed COPD 1.6% and of physician-diagnosed emphysema 0.3% with no significant difference between men and women.
Considering age, the prevalence of sputum production increased by age and more than one in five subjects older than 60 years reported this respiratory symptom. Both recurrent wheeze and persistent wheeze were more common among subjects older than 40 years. In contrast, the prevalence of both wheeze with breathlessness and asthmatic wheeze declined by age, being more common among subjects aged 40 or younger. The prevalence of dyspnoea also increased significantly by age (Table 2) .
Chronic bronchitis in relation to asthma and COPD There was an overlap, however small, between chronic bronchitis and both reported physician-diagnosed asthma ( Fig. 1a) and COPD defined using spirometry (Fig. 1b) . The severity of COPD among subjects with chronic bronchitis showed different patterns among men and women, GOLD stage II being more common among women and GOLD stage I among men. Additionally, severe COPD, that is, GOLD stage III, was found only among men, and no one had COPD stage IV (Fig. 2) .
Prevalence of chronic bronchitis by demographic variables, smoking habits and pack-years The prevalence of chronic bronchitis was higher among subjects living in the city of Gothenburg than among subjects living outside this city. The prevalence declined with increasing level of education but increased by increasing pack-years. Among women, the prevalence of chronic bronchitis increased significantly by increasing numbers of pack-years, and the highest prevalence of chronic bronchitis (21.5%) was observed among eversmoking women with 20 or more pack-years. Chronic bronchitis was also more common among subjects who had been exposed to occupational dust, gas or fumes compared to subjects who had not been exposed ( Table 3 ).
The differences between men and women exemplified in Table 3 resulted in separate risk analyses, both un-adjusted (Supplementary file 1) and adjusted (Supplementary file 2). These analyses showed that both smoking and low level of education were stronger risk factors for chronic bronchitis among women than men, while area of domicile was a risk factor for chronic bronchitis among men.
Risk factors for chronic bronchitis and respiratory symptoms
In un-adjusted analyses, the strongest risk factors for chronic bronchitis were 20 or more pack-years and current smoking. Increasing age, lower level of education, 20 or more pack-years among ever smokers were significantly associated with chronic bronchitis, sputum production, recurrent wheeze and dyspnoea. Exposure to occupational dust, gas or fumes was associated with increased risk for chronic bronchitis, sputum production and recurrent wheeze. Area of domicile was only associated with chronic bronchitis (Supplementary file 3) .
Multivariate models identified current smoking and age over 60 years to be the strongest risk factors for chronic bronchitis. Increasing age was a significant risk factor for sputum production, dyspnoea and recurrent wheeze (Table 4) . When using pack-years instead of current smoking habits, 20 or more pack-years was a significant risk factor for chronic bronchitis (OR 2.72, 95% CI: 1.43Á 5.16), sputum production (OR 3.37, 95% CI: 2.11Á5.36), dyspnoea (OR 2.61, 95% CI: 1.20Á5.66) and for recurrent wheeze (OR 3.51, 95% CI: 1.99Á6.20) in multivariate models adjusted for age, area of domicile, education level and exposure to occupational dust, gas or fumes, and the other independent variables remained stable; however, age lost its significance (Supplementary file 4) .
A multivariate model using a combined variable method showed that low level of education both in interaction with non-smoking and current smoking yielded an increased risk for chronic bronchitis (Fig. 3) . Furthermore, the combination of living in the city of Gothenburg, having low level of education and being exposed to occupational dust, gas or fumes yielded the highest OR for chronic bronchitis. However, living in the city of Gothenburg and having low level of education without exposure to occupational dust, gas or fumes did also increase the risk for chronic bronchitis (Fig. 4) . The combination of living outside the city, having low level of education and being exposed to occupational dust, gas or fumes did also result in an increased risk for chronic bronchitis (Fig. 4) .
Discussion
The estimated prevalence of chronic bronchitis was 7.2% being somewhat higher in men (7.6%) than in women (6.8%), but the difference was not significant. The prevalence of chronic bronchitis increased by age, was strongly related to smoking, was not related to sex and decreased by higher level of education. Furthermore, living in the city of Gothenburg was also a risk factor for chronic bronchitis. In particular, living in the city of Gothenburg in combination with low level of education and exposure to occupational dust, gas or fumes increased the risk for chronic bronchitis. However, living outside the city, exposure to occupational dust, gas or fumes in combination with low level of education was also associated with an increased risk for chronic bronchitis. Prevalence based on symptoms was twice as high as based on self-reported, physician-diagnosed chronic bronchitis, which indicates major underdiagnoses.
Our study suggests that the prevalence of chronic bronchitis in West Sweden has decreased over the past 30 years. The prevalence, 7%, was slightly lower compared to previously reported prevalence of 9% in the 1980s in Northern Sweden (17) and 16% in participants 65 years and older in the 1990s in Denmark (15) , while in our study the prevalence was about 9% in subjects older than Fig. 1. (a) Overlap between physician-diagnosed asthma (PhD asthma) and chronic bronchitis. In the total sample, the prevalence of PhD asthma was 10.8% and the prevalence of chronic bronchitis was 7.2% in the total sample. (b) Overlap between chronic bronchitis and chronic obstructive pulmonary disease (COPD). In the total sample, the prevalence of COPD based on GOLD criteria was 11.6% and the prevalence of chronic bronchitis was 7.2%. 60 years. The prevalence of chronic bronchitis tends to have decreased parallel to a decrease in current smoking in recent decades in West Sweden, as illustrated in Fig. 5 . In the 1990s, the prevalence of smoking was 42% in the population aged 20Á44 (41) compared to 21% in the same age group in 2008 (30) in this geographical area. Figure 5 also shows a decline in prevalence of chronic bronchitis during the same time period: in the 1990s the prevalence was 15% in participants aged 20Á44 years (41) compared to 7.2% in the total sample and 4.3% in participants younger than 40 years in the current study. These comparisons and that chronic bronchitis is strongly related to smoking suggest that the prevalence of chronic bronchitis has declined in other parts of Sweden as well because current smoking is less common today compared to a few decades ago (29, 30) .
In the recently performed RHINE, which is the corresponding North European part of the ECRHS II with centres in Sweden, Norway, Denmark, Iceland and Estonia, the average prevalence of chronic bronchitis was even lower, 5.4%; however, all participants were younger than 60 years (19) . In neighbouring Finland, where the smoking prevalence is higher than in Sweden but with similar social structure, a recent study of prevalence resulted in a higher estimate, namely 14% (28) . Similarly in Italy, the prevalence of chronic bronchitis seems to be higher, 12% (27) . Nevertheless, notably the known variation in prevalence rates can be attributed to methodological discrepancies, such as differences in the age distribution of the studied samples and use of selfadministrated questionnaires versus interviews, where self-administrated questionnaires may result in lower estimates of prevalence (17, 24, 33) . The latter has also been demonstrated in studies in Northern Sweden (17, 33) and Northern Finland (42, 43) , with self-administrated questionnaires yielding lower prevalence than based on interview.
In contrast to previous studies, we found no difference in prevalence of chronic bronchitis between men and women. An example is the results from Harjavalta, Finland, in the 1960s, where 28% of men had chronic bronchitis versus 6% among women, results that parallels to smoking habits (25) . Smoking was considerably more common in men than in women for a long time; however, during the past 2Á3 decades, this difference has levelled off and for instance in Sweden today more women than men are smokers. In Sweden in the 1980s about one third Table 3 . Prevalence (%) of chronic bronchitis by area of domicile, level of education, current smoking status, smoking exposure using pack-years, and occupational exposure to dust, gas or fumes in men and women and in three age groups of both men and women were smokers (33), while 20 years later the prevalence of smokers who smoked at least once a week was similar, 19%, in both West Sweden and Northern Sweden and more women than men were smokers in the two areas (29, 30) . In Finland, chronic bronchitis seems to be still more common in men than in women (28) . In line with previous studies (17, 18) , increasing age was one determinant of chronic bronchitis.
As mentioned, an explanation for the lower prevalence of chronic bronchitis in the current study compared to previous Scandinavian prevalence rates of chronic bronchitis or chronic or recurrent symptoms of bronchitis (13, 17, 23, 41, 44, 45) could probably be due to a major reduction in smoking in Sweden over the past three decades (29, 30) . A similar decreasing smoking trend has been reported in Finland and the decline in prevalence of chronic bronchitis could at least partly be explained by the decrease in smoking (28) . The prevalence trends of chronic bronchitis in an Italian study remained fairly stable despite a reduction in smoking (27) . Instead, there was a stronger association between chronic bronchitis and lower socio-economic status measured as unemployment/premature retirement (27) . This is in accordance with the current study, showing that lower education as proxy for lower socio-economic status was a significant determinant for chronic bronchitis. Additionally, we could show that lower socio-economic class in combination with current smoking among both men and women increased the likelihood for chronic bronchitis. Importantly, the prevalence of chronic bronchitis was higher among current smoking women and among women with 20 or more packyears, which indicates that women are more susceptible to tobacco smoking as there were no significant differences in smoking habits in our study sample. Chronic bronchitis was also more common among women with a lower level of education, while among men chronic bronchitis was not significantly more common among subjects with lower level of education. The difference between men and Moreover, we found an area of domicile to be associated with chronic bronchitis as living in the city of Gothenburg was associated with an increased risk with living outside the urbanised area as reference. Living in the city of Gothenburg was also a significant risk factor for dyspnoea. While this could be due to the impact of air pollution, the potential association is controversial, with studies showing conflicting results (21, 46) . We could also show that the risk of having chronic bronchitis was a combination of living in the city and lower level of education particularly when exposed to occupational dust, gas or fumes. Further research considering the combined impact of occupational exposure and air pollution is warranted.
The current study showed expected overlaps between chronic bronchitis and asthma, but the overlap between chronic bronchitis and COPD was somewhat less than expected. As previous Scandinavian studies have found a greater overlap between chronic bronchitis and COPD (43, 47) , the large decrease in smoking prevalence may have altered phenotypes of both chronic bronchitis and COPD. It could therefore be argued whether chronic bronchitis is a correct wording in these cases. Perhaps, asthma with chronic bronchitis and COPD with chronic bronchitis would be more accurate.
Strengths of the current study were the randomly selected sample from the general population and the sample size, together with a study of non-response (31) . Although smokers were somewhat more common among the non-responders, no significant differences in symptom prevalence were found between participants and non-participants. Thus, we conclude our results to be representative for the investigated population. A further strength was that the definition of chronic bronchitis was based on reported symptoms instead of self-reports on physician diagnosis. Another strength was that the definition of chronic bronchitis was based on data collected through structured interviews, which are more detailed than postal questionnaires. Although Fig. 4 . Multivariate logistic regressions based on the total sampled adjusted for age and current smoking status showing odds ratios with 95% confidence intervals (CI) with chronic bronchitis as dependent variable and a combined variable with area of domicile living outside the city of Gothenburg in the region of West Gothia, high level of education, i.e. university and unexposed to occupational dust, gas or fumes as reference category. the interview questionnaires that were used in the current study are widely used and have been validated recently (38) , a potential weakness might be recall bias as regards the reports on pack-years. The use of the GLI normal values may have resulted in a low proportion of subjects with moderate and severe COPD as healthy middle-aged and elderly Swedes have higher FEV 1 and FVC than those suggested by GLI (48) . Another weakness might be that the variable exposure of occupational dust, gas or fumes did not contain any information about what kind of exposures these subjects had been exposed to. Because no person reported outcome measure such as health-related quality of life was included in the study, which could be seen as a shortcoming, the current study suggests that future research in this area explores chronic bronchitis in relation to self-reported health outcome.
In conclusion, the estimated prevalence of chronic bronchitis was lower than previously reported estimations from West Sweden, suggesting a decrease in prevalence, which may be due to a reduction in tobacco smoking during the last decades. The current study suggests that chronic bronchitis is a condition related to smoking and social class, and current smoking in combination with lower level of education further increased the risk for this condition.
